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ABSTRACT 

This paper is an investigation and comparison between ASTM A227 and Chromium vanadium AISI 6150 as a material in 
springs used in vehicles suspension systems. Numerical analysis using AN SYS 16.1 software to calculate the early failure and 
predict the resistance of the material and under the effect of the harmonic forces of4250 N and 4500 N and the frequency of 100 
Hz at the rate of increase 5 Hz. The results have been shown is concluded , that by using Chromium vanadium AISI 6150 would 
be highly durable and more efficient for use in suspension systems in the vehicles through riding on the slopes or bumped road. 
Also, can choose the appropriate material according to loads or weight of the vehicles and operating conditions. 
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1. INTRODUCTION 

Compression helical springs are important elements in the mechanical design. It's known that the spring function is the 
absorption of shocks and vibrations, also absorb of energy, therefore, it is necessary to study of the failure of springs, 
which explained in the shear stress and deformation effects of strength it, under the static or variable loads. In this study, 
the focus was placed on the resistance of the springs under variable loads (fatigue failure effect). The previous studies 
have emerged as the following. [1] Studied Max. shear stress and gets percentage error about (1.5%—4 %) as a compared 
numerical analysis with theoretical calculations. In addition, interested in ASTM A227 as the material used in vehicles of 
three-wheels. [2] Reviewed the studies failure of helical springs under the wiggle loading and interested in the calculation 
of fatigue and max. shear stresses and deflection distribution by FEM programs had been using of performance mesh 
simulation. In addition, the comparison of the theoretical results with numerical results by FEA, it will conceivable to help 
designers for the design of springs to prevent failure. [3] Studied distribution of stress, characteristic of materials, 
manufacture, and failure. Moreover, obtained max. deflection is (0.313807 mm in the y-direction), also a high difference 
in stress between theoretical and FEA (where 1267 MPa in FEA and 1010 MPa in theoretical). In addition, decided the 
spring failure is possible occurs in the critical section is more than sections compared to others section. [4] Interested in 
the failure of steel grade 60Si2CrVA as a spring used in heavy-duty vehicles, and focused on a set of recommendations 
are important to select of non-closed ends for design to avoid of wear, and corrosion of springs. [5] Investigated the 
failure reduction of springs under the static and dynamic loading, used Pro-E to 3D solid modelling and ANSYS software 
to analyze and concluded his study to the strength of springs are influenced through the change of coil diameter to 
maximum expecting to gets the appropriate elastic and inappropriate for the conditions. [6,7] Reviewed to the discussed 
of mechanical springs design used in the automobiles are perfectly very necessary for designing and analysis which 
involving stress distribution and maximum extension and different of failure mode. Also, the springs subjected to the 
oscillating loads through the service, supplement, divers software design such as ANSYS, Solid Works, Pro-E, and 
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CATIA, etc., had been used for implementing the stress analysis. Nearly in all cases, fatigue stresses, shear stresses, and 
max. displacement calculations, played as a role considerable in the mechanical spring design. [8] Focused on two parts of 
the study (analytical by ANSYS 16 and experimental test), from FEA gets of the fatigue life (6.36 x 10 5 ) cycles and max. 
shear stress is (715.93 MPa) with percentage error (2.64 % and 2.61% at max. shear stress), so as for strain gauges in 
experimental with used five difference of cycles and obtained the genuine of fatigue life are estimated and targeted failures 
can be evaded, however, improved the aspect safe of the vehicles. [9] Interested in displacement and shear stress and used 
two materials (chromium-vanadium AISI 6150 and low-carbon steel AISI 1018), used ANSYS R14.5 to analytical with 
three forces different (3432.3, 4413, and 4903.3 N), and concluded that by using the Stainless Steel alloy in the springs, the 
resisting capacity of it will be highest and sufficient for the purpose of domestic. Through the literature studies, indicate 
that the material used is the basic element that plays a role in mechanical designs. 

2. SELECTION OF MATERIALS 

Generally, steel alloys are used in the suspension system for high resistance to shock, vibration, and variables loading. Therefore 
is necessary to select the appropriate material for each purpose. This study focused on two different materials (one is ASTM 
A227 and another is Chromium Vanadium AISI 6150) to investigate the resistance of each material under variable loads 
conditions. Table (1) shows the chemical composition and the table (2) shows the properties of materials. [10, 11, 12] 


Table 1: Chemical Composition 


Material 

Chemical Com] 

position 

Fe % 

Cr % 

Mn % 

c % 

Si % 

Y % 

s % 

p % 

ASTM A227 

97.4-99.1 


0.3-1.3 

0.45-0.85 

0.15-0.35 


0-0.05 

0-0.04 

Chromium Vanadium 
AISI6150 

96.7-97.7 

0.8-1.1 

0.7-0.9 

0.48-0.53 

0.2-0.35 

0.15 

0-0.04 

0-0.035 


Table 2: Properties of Materials 


Material 

Properties 

Brinell 

Hardness 

Modulus of 
Elasticity 
GPa 

Fatigue 

Strength 

MPa 

Poisson's 

Ratio 

Shear 

Modulus 

GPa 

Ultimate 

Tensile 

Strength 

MPa 

Yield 

Tensile 

Strength 

MPa 

Density 

kg/m 3 

ASTM 

A227 

500-640 

198.6 

900-1160 

0.29 

80.7 

1720- 

2220 

1430-1850 

7850 

Chromium 
Vanadium 
AISI6150 

200-350 

203.4 

300-750 

0.29 

77.2 

630-1200 

420-1160 

7830 


3. COMPRESSION HELICAL SPRING CALCULATION 

Table (3) shows the spring parameters, and figure (1) explained the standard of helical compression spring. [13] 


Table 3: Spring Parameters 


Parameters 

Symbol 

Units 

Wire Diameter 

d 

mm 

Mean Diameter 

D 

mm 

Outer Diameter 

D 0 

mm 

Spring Index 

c 


Free Length 

L F 

mm 

Spring Rate 

k 

N/mm 

Pitch 

P 

mm 
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Number of Active Turns 

n 


Number of Total Turns 

n 


Deflection 

8 

mm 

Modulus of rigidity for 
the spring material 

G 

GPa 

Shear Stress Factor 

K s 


Wahl’s Stress Factor 

K 


Maximum Shear Stress 

T'max 

MPa 

Mean Shear Stress 

Ln 

MPa 

Variable Shear Stress 

r v 

MPa 

Axial Load 

W 

N 

Mean Load 

W m 

N 

Variable Load 

W v 

N 



Figure 1: Compression Helical Spring. 


3.1 Maximum Shear Stress 


The helical compression springs are commonly subjected to two types of shear stresses. One is direct shear stress and the 
other is torsional shear stress. The equations (1-2) represent direct and torsional deflections, while the equation (3) 
represents the maximum shear stress. 


Direct Shear Stress T d 


4xW 
nxd 2 


( 1 ) 


8 xWxD 

Torsional Shear Stress T r = --— (2) 

nxd 3 


Max. Shear Stress T max = T d + Z T 


T m = 


4xW 8 xWxD 

- + - 


^max = K s X 


KXd 1 KXd 3 

SxWxD 


t = Kx 


nxd 3 

SxWxD 

7TXd~ 


( 3 ) 
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Where: K s 


=1+ 


(—) 

\2D j 


,and K — 


AC-l 
AC-A 


0.615 

C 


When the helical springs are subjected to fatigue loading are designed by used the Soderberg line method (1930). 
The spring materials are commonly examined for endurance torsional strength under repeated stresses that changes from 
zero to a maximum. The equations (4&5) represents mean shear and variable stresses. 


T 


m 


= K < 


8 xW m xD 

7TXd 3 


(4) 


K x 


8 x W v x D 
71 x d 3 


(5) 


Where: ^ ^ max + ^min , and ^ ^ max ^ min 

m 2 v 2 

3.2 Deflection of Compression Helical Spring 

Deflection of helical springs are different according to the carry tensile or compression loading, there are required some 
means of transferring the loads from the support to the spring body, and the spring is subjects with initial tension. The 
equation (6) shows of the spring deflection. 

g _ 8xW x C 3 x n ^ 

Gxd 


4. FINITE ELEMENT ANALYSIS 

Table (4) shows the geometry parameters, while the main purpose of using the finite element analysis is to reduce error 
through the reduction and simplification of equations, especially when it is in the angles of the helical as well as the 
modelling method. In addition, the accuracy of the results which can be obtained by creating of a three-dimensional 
geometry of solid model as shown in figure (2) by using the Solid Works 2017 and save it as IGES format file and export it 
to the ANSYS 16.1 software. Figure (3) represents the three-dimensional geometry of helical compression spring by 
ANSYS 16.1., while mesh generated as follows (mesh size: proximity and curvature, relevance center: medium, span 
angle center: medium, and smoothing: medium) as shown in figure (4). 


Table 4: Geometry Parameters 


Parameters 

Value 

Units 

Wire Diameter 

13 

mm 

Mean Diameter 

127 

mm 

Outer Diameter 

140 

mm 

Free Length 

425 

mm 

Pitch 

72 

mm 

Number of Active Turns 

7 


Number of Total Turns 

9 
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JL 

Figure 2: 3D Modelling of Helical Spring by Solid Works. 




Figure 3: 3D Modelling of Helical Spring in ANSYS. 


Figure 4: Mesh Generation of Helical Spring. 


5. RESULTS AND DISCUSSIONS 


The materials are examined by used two harmonic forces (4250-4500 N) as external forces affecting the helical 
spring. In addition, the harmonic frequency (at the sweeping phase: 0 degrees) as the range of (0 to 100 Hz) at an 
increased rate of (5 Hz). Through these forces and harmonic frequency, the deformation and shear stress 
distributions were calculated, and the frequency response of the two examined materials. Through these forces and 
harmonic frequency, the deformation and shear stress distributions were calculated as the frequency response of 
the two examined. The figures (5-8) illustrate the distribution of deformation, while the figures (9-12) show the 
distribution of shear stress. The figures (13-16) show the frequency response. Tables (5-7) explained the 
comparison of results obtained by numerical analysis of both deformations, shear stress and frequency response, 
respectively. 
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A: Harmonic Response 

Total Deformation 
Type: Total Deformation 
Frequency: 100. Hz 
Sweeping Phase: 0. ° 
Unit: m 

08/04/201910:28 


0.015592 Max 

0.01386 
-I 0.012127 
-| 0.010395 
0.0086623 
-I 0.0069299 
- 0.0051974 
-| 0.0034649 
0.0017325 
OMin 



ANSYS 

R16.1 


A: Harmonic Response 

Total Deformation 
Type: Total Deformation 
Frequency: 100. Hz 
Sweeping Phase: 0. * 
Unit: m 

08/04/201910:06,0 


0.014114 Max 

0.012546 
-I 0.010977 
-| 0.0094093 
0.007841 
-I 0.0062728 
- 0.0047046 
-| 0.0031364 
0.0015682 


t 



ANSYS 

R16.1 


Figure 5: ASTM A227 Deformation at 4250 N. 


Figure 6: AISI6150 Deformation at 4250 N. 


A: Harmonic Response 

Total Deformation 
Type: Total Deformation 
Frequency: 100. Hz 
Sweeping Phase: 0." 
Unit: m 

08/04/201910:20,0 


0.016509 Max 

0.014675 
0.012841 
0.011006 
-] 0.0091719 
0.0073375 
-I 0.0055031 
-| 0.0036688 
0.0018344 
OMin 



ANSYS 

R16.1 


A: Harmonic Response 

Total Deformation 
Type: Total Deformation 
Frequency: 100. Hz 
Sweeping Phase: 0." 
Unit: m 

08/04/2019 1 0:14,0 


0.014944 Max 

0.013284 

0.011623 

0.0099627 

0.0083023 

0.0066418 

0.0049814 

0.0033209 

0.0016605 

OMin 



ANSYS 

R16.1 


t 


Figure 7: ASTM A227 Deformation at 4500 N. 


Figure 8: AISI 6150 Deformation at 4500 N. 



0.100 


A: Harmonic Response 

Maximum Shear Stress 
Type: Maximum Shear Stress 
Frequency: 100. Hz 
Sweeping Phase: 0. “ 

Unit: Pa 

08/04/201910:08,o 


3.82 7 3e8 Max 

3.4021 e8 
-I 2.9768e8 
-| 2.5516e8 
2.1263e8 
—| 1.701 e8 
1.2758e8 
8.5053e7 
4.2527e7 
805.34 Min 



Figure 9: ASTM A227 Shear Stress at 4250 N. 


Figure 10: AISI 6150 Shear Stress at 4250 N. 
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A: Harmonic Response 

Maximum Shear Stress 
Type: Maximum Shear Stress 
Frequency: 100, Hz 
Sweeping Phase: 0," 

Unit: Pa 

08/04/2019 1 0:20,0 


3.9646e8 Max 

3.524e8 
—I 3.0835e8 

- 2,643e8 

- 2,2025e8 

- 1.762e8 

- 1.3215e8 
—| 8.8103e7 

4.4052e7 
1786.6 Min 



ANSYS 

R16.1 


A: Harmonic Response 

Maximum Shear Stress 
Type: Maximum Shear Stress 
Frequency: 100. Hz 
Sweeping Phase: 0." 

Unit: Pa 

08/04/2019 1 0:14,0 


4.0525e8 Max 

3.6022e8 
— I 3.1519e8 
— | 2.7017e8 
2.2514e8 
—I 1.8011 e8 

— 1.3508e8 

— 9.0056e7 
4.502 8e7 
852.71 Min 




ANSYS 


R16.1 


Figure 11: ASTM A227 Shear Stress at 4500 N. 


Figure 12: AISI6150 Shear Stress at 4500 N. 




Figure 13: Frequency Rsponse of ASTM A227 at t ^ . TOT . t ... . 

4250 N Figure 14: Frequency Response of AISI 6150 at 4250 N. 




Figure 15: Frequency Response of ASTM A227 at . TOT .. XT 

4500 N Figure 16: Frequency Response of AISI 6150 at 4500 N. 


Table 5: Comparison of Deformation. 


Force in N 

Maximum Deformation in mm 

Error percentage % 

ASTM A227 

Chromium vanadium AISI 6150 

4250 

15.592 

14.114 

9.4792 

4500 

16.509 

14.944 

9.4796 
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A: Harmonic Response 

Total Deformation 
Type: Total Deformation 
Frequency: 100. Hz 
Sweeping Phase: 0. ° 
Unit: m 

08/04/201910:28 


0.015592 Max 

0.01386 
-I 0.012127 
-| 0.010395 
0.0086623 
-I 0.0069299 
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OMin 
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Figure 8: AISI 6150 Deformation at 4500 N. 
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